example, when a mud motor is utilized to rotate the drill bit, 
drill string torque and RPM are completely unrelated to drilling 
fluid pressure because the mud motor operates completely 
independently from the drill string. That is especially true when 
only the mud motor is utilized to rotate the bit. In that 
instance, there is no drill string torque and RPM because the drill 
string does not rotate. Consequently, the claimed invention 
includes a feature that permits various parameters to be eliminated 
from the control scheme when they are not necessary. 

Exhibit A illustrates the values of the four drilling 
parameters required for a drilling operation employing a mud motor 
as the primary driver of the drill bit. Specifically, those 
parameters are 1245 pounds of weight on bit, 1700 psi of drilling 
fluid pressure "off bottom", 2,000 psi of drilling fluid pressure 
"on bottom", 170 foot pounds of drill string torque, and 70 RPM's 
for the drill string. The automatic driller of the claimed 
invention controls the release of a drill string utilizing 
interrelated parameters such as torque and RPM because regulators 
200-203 (see Figure 2) are connected in series. The placement of 
regulators 200-203 in series permits the selection of one parameter 
as a primary control and the remaining parameters as secondary 
controls as described in the specification on page 35, line 32, 
through page 36, line 23. 

The parameters illustrated in Exhibit A are determined by the 
drilling rig operator based upon the type of formation (e.g., 
Austin chalk), the specifications of the mud motor, the diameter 
and depth of the borehole, etc. For example, with the Austin chalk 
formation, the drilling rig operator selects a relatively low 
weight on bit of 1245 pounds because chalk is not a particularly 
hard/dense material. Based upon the above factors and the selected 
weight on bit, the drilling rig operator determines that the drill 
string must develop no more than 170 foot pounds of torque at 70 
RPM's or damage may result to the drilling rig, drill string, or 
drill bit. Furthermore, the drilling rig operator determines that 
an "on bottom" drilling fluid pressure of 2,000 psi is required to 
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power the downhole mud motor as well as remove sufficient amounts 
of chalk from the borehole. 

Unfortunately, utilizing only weight on bit to control the 
release of the drill string provides for extremely inefficient 
operations. Illustratively, the drill string often catches on the 
borehole, resulting in the actual weight applied to the bit being 
considerably less than the weight on bit registered at the surface. 
Furthermore, if another parameter changes (e.g., torque increases 
above 170 foot pounds) even though the weight on bit remains 
constant, damage to the drilling rig, drill string, or drill bit 
may result. Consequently, the claimed invention permits the 
control of the release of a drill string utilizing additional 
parameters . 

If drilling fluid pressure provides the primary control for 
the example illustrated in Exhibit A, the drilling rig operator 
manipulates adjusting screw 214 such that flapper 213 deflects the 
appropriate amount of air to valve 236 (see Figures 2 and 3). An 
appropriate amount of air opens valve 236 such that valve 236 
controls air motor 204 to release the drill string at a rate that 
maintains the drilling fluid pressure at 2000 psi. 

After adjusting regulator 200, the drilling rig operator 
adjusts regulator 201 to provide a weight on bit that furnishes a 
secondary control. As previously described, the drilling rig 
operator determined the weight on bit should be 1245 pounds. Thus, 
to provide a secondary control, the operator manipulates adjusting 
screw 252 to adjust flapper 251 such that valve 237 opens an amount 
that provides an air flow corresponding to a weight on bit of 1260 
pounds. Similarly, the operator adjusts regulators 202 and 203 
such that their respective valves 238 and 239 open to permit an air 
flow corresponding to 175 foot pounds of torque and 75 RPM's. 

Regulators 201-203, therefore, provide secondary controls 
because, during normal operation, regulator 200 maintains the 
drilling fluid pressure at 2000 psi, while the weight on bit 
remains at approximately 1245 pounds, the torque remains at 
approximately 170 foot pounds, and the RPM's remain at 
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approximately 70. Accordingly, as long as drilling operations 
remain normal, regulators 201-203 will not override regulator 200. 

However, if for example the friction between the drill string 
and borehole increases to a point where the drill string snags 
thereby decreasing its rotational speed, an override by regulator 
202 may occur. In such a situation, the drilling fluid pressure 
and weight on bit may remain relatively stable, while the torgue 
and RPM change. The RPM will significantly decrease, however, 
because regulator 203 is a secondary control, any further opening 
of its valve 239 will not affect the release of the drill string. 
When the drill string snags, the torque rapidly increases and, if 
no overriding control occurs, damage will most likely result to the 
drill string and/or drilling rig. Once the torque exceeds the 175 
foot pound secondary value, Bourdon tube 270 expands, resulting in 
flapper 271 retreating from nozzle 274. As a result, nozzle 274 
delivers less compressed air to valve 238, resulting in valve 238 
closing. When valve 238 closes to a point where it restricts the 
air flow to air motor 204 more than valve 236, regulator 202 
controls the release of the drill string. Additionally, if the 
torque rises to a level that valve 238 completely closes, then the 
release of drill string completely ceases. Regulator 202 will 
control the release of the drill string until the torque returns to 
a level below the value set for the secondary control (i.e., 175 
foot pounds). After the torque returns to a level below the set 
value, regulator 200 again controls the release of the drill 
string . 

The remaining two secondary parameters of weight on bit and 
RPM operate identically as described for torque. Furthermore, if 
drilling fluid pressure were set to function as a secondary 
control, regulator 200 would function as described above for 
torque. Thus, if a situation occurs where a parameter exceeds the 
set secondary control value, the particular regulator assumes 
control as described above. 
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In a further illustration, if the friction between the drill 
string and borehole decreases such that the drill string RPM 
rapidly increases, regulator 203 will control the release of the 
drill string until the RPM's return to a level below the secondary 
control value. The torque will significantly decrease, however, 
because regulator 202 is a secondary control, any further opening 
of its valve 238 will not affect the release of the drill string. 
If the drill string RPM rapidly increases and no overriding control 
occurs, damage may result to the drill string and/or drilling rig. 
Once the drill string RPM exceeds the 75 RPM secondary value, 
Bourdon tube 290 expands, resulting in flapper 291 retreating from 
nozzle 294. As a result, nozzle 294 delivers less compressed air 
to valve 239, resulting in valve 239 closing. When valve 239 
closes to a point where it restricts the air flow to air motor 204 
more than valve 236, regulator 203 controls the release of the 
drill string- Additionally, if the RPM's rise to a level that 
valve 239 completely closes, then the release of drill string 
completely ceases. Regulator 203 will control the release of the 
drill string until the torque returns to a level below the value 
set for the secondary control (i.e., 75 RPM's). After the torque 
returns to a level below the set value, regulator 200 again 
controls the release of the drill string. 

Applicant respectfully submits that a drilling rig operator 
having ordinary skill in the art will understand the relationship 
between the various drilling parameters and be able to set a 
primary control and as many secondary controls as desired. 
Essentially, after arriving at the desired drilling parameters, 
which is a matter of applying well known drilling technology, an 
operator may set the automatic driller of the claimed invention as 
previously described to control the release of the drill string. 
In view of Applicants description of each of regulators 200-203 and 
the discussion of a primary control parameter and secondary control 
parameters, Applicant respectfully submits that a person of 
ordinary skill in the drilling art could make and practice the 
claimed invention without undue experimentation. Applicant, 
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therefore, respectfully requests the withdrawal of the 35 USC §112, 
objection to the specification and corresponding rejection of 
claims 1-11 and 15-18. 

Applicant respectfully traverses the rejection of claims 1-11 
under 35 USC §103 by Ball in view of Rogers and further in view of 
the Gatlin publication. Ball discloses a standard weight on bit 
drill string control system. Rogers discloses that RPM and thrust 
(bit weight) of a coal mining drill may be manipulated by a 
computer to optimize the rate of penetration. The Gatlin 
publication discloses that weight on bit and rotational speed are 
interrelated with respect to the rate of drill bit penetration. 
Gatlin further discloses that the rate of drill bit penetration 
depends upon the hydraulic force of the drilling mud within the 
borehole. That is, higher drilling mud pressures expedites the 
removal of cuttings from within the borehole. Essentially, 
increased hydraulic pressures better clean the borehole, resulting 
in an increase in the allowable weight on bit applied during the 
drilling of the borehole. 

With respect to claims 1 and 7, Applicant respectfully submits 
that the recognition in the Gatlin publication that hydraulic fluid 
affects the d rilling rat e does not disclose, tej 



suggest to one of^ ordinaxy _skill in the_ artthat_jr i 1 1 i ng finiH 
pressure may be u;y jizj5d^as^£^ of 
the drill string\\ Gatlin merely recognizes the obvious concept 
that— -the— cXeaner borehole the easier a drill bit will progress 
through it. Gatlin fails to disclose that variations in drilling 
fluid pressure indicate the position of a drill bit relative to 
bottom of borehole. The enhanced cleaning of a borehole through 
increased drilling fluid pressure is not in any way related to 
drill string control because increased pressures are obtained 
through regulation of pumping pressures. In the claimed invention, 
the pump pressure is set to a desired value and then is not altered 
during the drilling operation. Any changes in drilling fluid 
pressure registered by the claimed invention occur due to changes 
in the position of the drill string relative to the bottom of the 
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borehole. Consequently, Applicant respectfully submits that, 
because Gatlin fails to understand the relationship between 
drilling fluid pressure and the relative position of a drill bit 



that fairly suggests to one of ordinary skill in the art that 
drilling fluid pressure may be utilized to control the release of 
a drill string. Accordingly, Applicant respectfully submits claims 
1 and 7 are allowable over Ball in view of Rogers and further in 
view of the Gatlin publication. 

With respect to claims 3 and 4, those claims have been amended 
to depend from claim 1. Accordingly, Applicant respectfully 
submits that claims 2-4 are allowable predicated upon their 
dependence from claim 1 . 

Claims 5 and 6 are considered allowable through their 
inclusion of controlling the drill string utilizing drilling fluid 
pressure as outlined in the preceding argument. 

Claims 8 and 9 have been amended to depend from claim 7 and, 
therefore, are considered allowable predicated upon that dependence 
and the preceding arguments. 

Claims 10 and 11 include controlling the release of the drill 
string utilizing drilling fluid pressure. Accordingly, Applicant 
respectfully submits claims 10 and 11 are allowable. 

In view of the forgoing, Applicant respectfully request 
reconsideration of the rejected claims and earnestly solicits early 
allowance of the application. 



within the borehole, Gatlin furnishes no disclosure or teaching 
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